Results Metabotypes showed a low divergence between tropical and temperate populations, while bioactivities were higher in temperate populations. However, these phenotypes varied significantly in time, with a higher variability in tropical regions. Bioactivities were high and stable in temperate regions, whereas they were low and much variable in tropical regions. Although the introduced lineage two exhibited the highest bioactivities, this lineage could also present variable proliferation fates. Conclusion The metabolomic approach partly discriminates macroalgal populations from various geographic origins. The production of chemical defenses assessed by the bioactivity assay does not match the macroalgal genetic lineage and seems more driven by the environment. The higher content of chemical defenses in temperate versus tropical populations is not in accordance with the LGH and cannot be related to the invasiveness of the macroalgae.
Introduction
Ecologists generally assume that biotic interactions are prominent under tropics (Schemske et al. 2009 ) where species richness and biomass are considered higher (Brown 2014; Mannion et al. 2014 ). The latitudinal gradient hypothesis (LGH) states that tropical plants inherit more defensive traits from higher pressures of competition, herbivory and parasitism than their temperate counterparts (Coley and Aide 1991; Coley and Barone 1996; Schemske et al. 2009 ). The same trend exists in marine ecosystems as temperate macroalgae are consumed overall twice more than the better defended tropical ones (Bolser and Hay 1996) . However, the assumption that both biotic interactions and defense metabolism are strongly related to latitudinal gradient, and resulting from co-evolutionary processes, still requires additional evidences (Moles 2013; Moles and Ollerton 2016) . Studies did not show any relationship between herbivory pressure and latitudes (Adams et al. 2008; Andrew and Hughes 2005) , and an opposite trend has also been demonstrated in some cases (del-Val and Armesto 2010) . For instance, phenolic compounds in terrestrial (Adams et al. 2008 ) and marine ecosystems seem to be equally present under low and high latitudes (Targett et al. 1992; Van Alstyne and Paul 1990) .
Chemical traits may also be related to environmental and/or biotic interactions changes (Nylund et al. 2011) . Several ecosystems are affected by introduction of nonindigenous species (NIS) which may disrupt biotic interactions (Schaffelke and Hewitt 2007; Simberloff et al. 2013) . After the loss of specific competitors, NIS may reallocate the energy originally dedicated to defenses (specialized metabolism) into reproduction and growth (primary metabolism), and succeed in colonized environments (Keane and Crawley 2002) . Interactions between NIS and native species may also modify chemical traits as it is argued by the novel weapon hypothesis (NWH) (Callaway and Ridenour 2004) . In addition, the production of defensive compounds may also be influenced by several abiotic factors such as temperature (Ivanisevic et al. 2011b; Reverter et al. 2016) , light (Cronin and Hay 1996; Deneb 2001; Paul 2006) , and nutrient availability (Cronin and Hay 1996) . Moreover, internal factors such as reproductive stage (Ivanisevic et al. 2011a; Vergés et al. 2008) , ontogeny ) are globally subjected to seasonal variation and consequently they may affect the specialized metabolism (Ivanisevic et al. 2011a ).
The genus Asparagopsis (Rhodophyta, Bonnemaisoniaceae) is currently represented by two species, A. taxiformis (Delile) Trévisan de Saint-Léon and A. armata (Harvey) (Andreakis et al. 2004; Dijoux et al. 2014) . Asparagopsis taxiformis is widespread in temperate, subtropical and tropical areas and, so far, six cryptic lineages with distinct geographic distributions have been described for this species (Andreakis et al. 2007 (Andreakis et al. , 2016 Dijoux et al. 2014) . Among them, the worldwide fragmented distribution pattern of A. taxiformis lineage two is explained by multiple introduction events, and in some places of the Southwestern Mediterranean Sea for instance, it is clearly invasive and outcompeting indigenous benthic organisms (Altamirano et al. 2008; Zanolla et al. 2011) .
The genus Asparagopsis is known to biosynthesize about one hundred of halogenated volatile hydrocarbons containing one to four carbons with antimicrobial, antifeedant and cytotoxic properties (Genovese et al. 2012; Kladi et al. 2004; Paul et al. 2006b ). Assessment of resources allocated to defense traits can be obtained through analysis of the specialized metabolism using metabolomics. Another way to evaluate resources allocated to defense traits is to measure the bioactivity of organismal extract as a proxy of defense-related compounds biosynthesis. The Microtox® assay is a simple, efficient and rapid method that highly correlates with other biological tests (Botsford 2002) . Trade-off between the specialized metabolism, and the primary metabolism dedicated to essential biochemical processes such as growth and reproduction can be assessed by this approach (Ivanisevic et al. 2011b ). Bioactivities of extracts can be directly correlated to the expression level of targeted metabolites (Cachet et al. 2015; Martí et al. 2003; Reverter et al. 2016) , and metabotypes were shown to explain bioactivity patterns (Ivanisevic et al. 2011b ). However, metabolomics doesn't match necessarily bioactivity assessment. Indeed, metabolomics provides an overall picture of chemical complexity of a biological matrix, this picture being dependent of the selected technique (MS or NMR), but in any case without any indication of putative synergetic or antagonistic effects of the detected compounds. On the other hand, an assay such as the Microtox® integrates all putative synergetic or antagonistic effects of the extracted compounds, but the obtained value is only a proxy depending on the specificity of the model bacterial strain response.
The first objective of our study was to assess macroalgal investment in defensive traits using two non-equivalent approaches, UHPLC-HRMS metabolic fingerprinting and biogeographic variations of macroalgal bioactivities assessed with the Microtox® assay. The second objective was to understand how environmental factors (temperature, light) may influence macroalgal defensive traits. Finally, we also have evaluated the relationship between bioactivities and the status of the macroalga, its origin (introduced vs. native) and its cover together as an indicator of invasiveness, in order to relate the involvement of macroalgal chemical defenses in its proliferation trait.
Methods

Biological Material
Among the six different lineages of A. taxiformis (Delile) Trevisan de Saint-Léon (Rhodophyta, Bonnemaisoniaceae) (Andreakis et al. 2007 (Andreakis et al. , 2016 Dijoux et al. 2014) , only five were considered in this study. This alga can cover hard and soft substrate from 0 to 45 m depth both in temperate and tropical waters. Asparagopsis armata (Harvey), a species distributed worldwide and currently composed of two distinct genetic clades , was also considered in this study. Only one lineage mostly growing on hard substrates at shallow depth was investigated. The genus is dioecious. Gametophytes stages present distinct male and female individuals, which alternates with a heteromorphic tetrasporophyte "Falkenbergia stage". In this study, we focused on the gametophyte stage of the macroalgae. 
Sampling
Metabolite extraction
After collection, samples were transported in a cooler, stored at −20 °C before freeze-drying. Dried samples were preserved in silica gel and sent to Marseille (France). Each sample was then individually ground into a fine powder using a blender (Retsch® MM400, 30 Hz during 30 s). One hundred milligram of each sample were extracted 3 times with 2 mL of MeOH/CH 2 Cl 2 1:1 (v/v) in an ultrasonic bath (1 min) at room temperature. The filtrates (PTFE, 0.22 µm, Restek®) were pooled and concentrated to dryness, adsorbing extracts on C18 silica particles (100 mg, non-end-capped C18 Polygoprep 60-50, Macherey-Nagel®). The extracts were then subjected to SPE (Strata C18-E, 500 mg, 6 mL, Phenomenex®) eluting with H 2 O, MeOH, and CH 2 Cl 2 (5 mL of each) after cartridge cleaning (10 mL MeOH) and conditioning (10 mL H 2 O). MeOH fractions were evaporated to dryness, resuspended in 2 mL of MeOH prior to metabolomic analyses by UHPLC-QqTOF. After this first analysis, the same macroalgal extracts were concentrated to dryness ready to be used for bioactivity assessment using the Microtox® assay.
Metabolomic analyses
Chemicals
Methanol, dichloromethane and acetonitrile of analytical quality were purchased from Sigma-Aldrich (Chromasolv®, gradient grade). Formic acid and ammonium formate (LC-MS additives, Ultra grade) were provided by Fluka.
LC-MS analyses
Analyses were performed on an UHPLC-QqToF instrument: UHPLC is equipped with RS Pump, autosampler and thermostated column compartment and UV diode array (Dionex Ultimate 3000, Thermo Scientific®) and coupled to a high resolution mass spectrometer (MS) equipped with an ESI source (Impact II, Bruker Daltonics®). Mass spectra were acquired in positive and negative mode consecutively. Elution rate was set to 0.5 mL min − 1 at a constant temperature of 40 °C. Injection volume was set to 10 µL. Chromatographic solvents were composed of A: water with 0.1% formic acid (positive mode), or 10 mM ammonium formate (negative mode), and B: acetonitrile/water (95:5) with the same respective additives. UHPLC separation occurs on an Acclaim RSLC C18 column (2.1 × 100 mm, 2.2 µm, Thermo Scientific®). According to the study of spatial and temporal patterns, chromatographic elution gradients were adjusted to improve peak resolution using a pooled sample. Two chromatographic elution gradients were thus applied. For the study of spatial patterns, the program was set up at 40% B during 2 min, followed by a linear gradient up to 100% B during 8 min, then maintained 4 min in isocratic mode. The analysis was followed by a return to initial conditions for column equilibration during 3 min for a total runtime of 17 min. For the study of temporal patterns, the program was set up at 2% B during 1 min, followed by a linear gradient up to 80% B during 5 min, then maintained 6 min in isocratic mode at 80% B. The analysis was followed by a phase of 100% B during 4 min and equilibration during 4 min for a total runtime of 20 min. Analyses were processed in separate batches for the study of spatial and temporal variation of the metabotypes. Macroalgal extracts were randomly injected according to sampling sites or dates, alternating the pooled sample injected every 6 samples to realize inter and intra-batch calibration due to MS shift over time. MS parameters were set as follows for positive mode (and negative mode): nebulizer gas, N 2 at 31 psi (51 psi), dry gas N 2 at 8 L min − 1 (12 L min − 1 ), capillary temperature at 200 °C and voltage at 2500 V (3000 V). Data were acquired at 2 Hz in full scan mode from 50 to 1200 amu. Mass spectrometer was systematically calibrated with formate/acetate solution forming clusters on the studied mass range before a full set of analysis. The same calibration solution was automatically injected before each sample for internal mass calibration. Data-dependent acquisition MS 2 experiments were also conducted (renewed every three major precursors) on some samples of each location.
Data analyses
Constructor raw analyses were automatically calibrated using internal calibrant, before exporting data in netCDF files (centroid mode) using Bruker Compass DataAnalysis 4.3. All converted analysis were then processed by XCMS software (Smith et al. 2006 ) under R (R_Core_Team 2013) , using the different steps necessary to generate the final data matrix: (1) Peak picking (peakwidth = c(2,20), ppm = 2) without threshold prefilter (Patti et al. 2012) , (2) retention time correction (method = "obiwarp"), (3) grouping (bw = 10, minfrac = 0.3, minsamp = 1), (4) Fillpeaks, and finally (5) report and data matrix generation transferred to Excel. Each individual ion was finally normalized (if necessary according to the drift of equivalent ion of pooled samples) and injection order (van der Kloet et al. 2009 ). Data were calibrated between batches (inter-batch calibration for the study of spatial patterns) by dividing each ion by the intra-batch mean value of pooled-sample ions, and multiplying by the total mean value for all batches (Ejigu et al. 2013) . Metabolites were annotated with constructor software (Bruker Compass DataAnalysis 4.3).
Bioactivity assays
Bioactivities of macroalgal extracts were assessed using the standardized Microtox® assay (Microbics, USA). This ecotoxicological method measures the effect of compounds on the respiratory metabolism of Allivibrio fischeri which is correlated to the intensity of its natural bioluminescence (Johnson 2005) . Extracts were initially prepared at 2 mg mL − 1 in artificial seawater with 2% of acetone to facilitate dissolution, and then diluted (twofold) three times in order to test their effect on bacteria and to draw EC 50 curves. EC 50 expressed in µg mL Cover: low (up to 35%), medium (from 35 to 65%), high (over 65%). In summary, high probability of introduction together with high cover is considered equivalent to high invasiveness concentration that decreases half of the initial luminescence after 5 min of exposure to extracts. ) were provided by SOMLIT (http://somlit. epoc.u-bordeaux1.fr/fr/).
Environmental factors
Statistical analyses
Principal components analysis (PCA) were realized using the "ade4 package" (Dray and Dufour 2007) . PCA were centered (the mean ion intensity of all samples was subtracted to each sample ion intensity) and normalized (consequently divided by the relative standard deviation of ion intensity of all samples). PERMANOVA (adonis function, 1e 5 permutations) and ANalysis OF SIMilarity (ANO-SIM function using Euclidean distances) were performed with the "vegan package" (Oksanen et al. 2015) . PLS-DA were realized using the "RVAideMemoire package" (Hervé 2016 ) on scaled raw data according to zones and unscaled log-transformed data according to sites. Permutational test based on cross model validation procedures (MVA.test and pairwise.MVA.test) were used to test differences between groups: outer loop fivefold cross-validation, inner loop fourfold cross-validation according to zones and sites (Szymanska et al. 2012) . Very important peaks (VIPs) were determined according to the PLS-DA loading plots. Non-parametric analysis (Kruskal-Wallis test followed by Steel-Dwass-Critchlow-Fligner post-hoc test, and Mann-Whitney) were performed on XLSTAT version 2015.4.01.20575 to test differences of macroalgal bioactivities according to zones and sites. The relationships of macroalgal bioactivities against A. taxiformis cover, latitudes or environmental factors were assessed using Spearman's correlations rank test (Rs) using XLSTAT.
Results
Spatial variation of the macroalgal chemical profiles and bioactivities
All the macroalgal metabotypes were plotted on principal component analysis (PCA) taking into account 2683 negative and 2182 positive ions. The PCA shows that the global inertia remains low with 11.9% of explanation of the variability (Fig. 1) . Variances on axis 1-3 and 2-3 of the PCA show similar values with 11.2% and 9.3%, respectively. But the divergence between groups (zones and sites) is more evident along the 2-3 axis. Whereas the difference between macroalgal metabotypes in tropical and temperate zones is not statistically supported (PERMANOVA, F = 2.7, p = 0.064), a significant difference between sites is recorded (PERMANOVA, F = 2.9, p = 0.003), with a weak Pearson correlation factor (R 2 = 0.13). A similarity test between sites confirmed that macroalgae sampled in Azores and France are significantly different from all other sites, as well as for macroalgae sampled in Martinique and New Caledonia (ANOSIM, R = 0.281, p < 0.001) (Fig S1 and Table S1 in Supporting Information). Eight metabolite features were selected as chemomarkers with regards to the congruence of ions detected in both negative and positive modes from the PPLS-DA loading plots. They partly explain the dispersion of groups that differentiate temperate metabotypes from tropical ones (PPLS-DA, NMC = 2.5%, p = 0.001) (Fig S2) . Differentiation of groups was also effective for metabotypes of algae sampled from the different sites (PPLS-DA, NMC = 31.8%, p = 0.001) (Fig S3 and Table S2 ). Most probable raw formula of biomarkers did not match with any known compounds from the genus Asparagopsis (Table S3) .
Macroalgal bioactivities are negatively correlated with latitudes (Rs = −0.148, R 2 = 0.02, p = 0.041). Overall A. taxiformis from temperate zones show higher bioactivities (EC 50 = 32 ± 3 µg mL − 1 , mean ± SE) than those from tropical zones (85 ± 5 µg mL − 1 , Mann-Whitney, U = 4256, p < 0.001, Figs. 2, 3a) . Macroalgal bioactivities also differ significantly according to sampling sites (Kruskal-Wallis, K = 90, p < 0.001, Fig. 2b ). EC 50 ranged from 20 ± 4 µg mL − 1 (Azores) to 117 ± 15 µg mL − 1 (French Polynesia). Similarly to macroalgal bioactivities found in Azores, high values were recorded in France (31 ± 4 µg mL − 1 ), Algeria (33 ± 5 µg mL − 1 ) and Spain (52 ± 13 µg mL ) and French Polynesia (117 ± 15 µg mL − 1 ) showed the lowest bioactivities, whereas macroalgae from Mayotte showed the highest values among the tropical macroalgae (57 ± 8 µg mL − 1 ). Asparagopsis taxiformis from other tropical sites (New Caledonia, Réunion and Guadeloupe) exhibited intermediate bioactivities (respectively 72 ± 7 µg mL − 1 , 80 ± 10 µg mL − 1 , 80 ± 22 µg mL This spatial pattern in macroalgal bioactivities is actually negatively correlated with SST (Rs = −0.428, R 2 = 0.18, p < 0.001) and PAR (Rs = −0.37, R 2 = 0.14, p < 0.001) which explain respectively 18 and 14% of the overall variability ( Fig. 1; Table 2 ).
Temporal variation of the macroalgal chemical profiles and bioactivities
Macroalgae from France and Réunion displayed distinct metabotypes that varied in time, with overall a much higher variability recorded in Réunion and no clear pattern of seasonal variation in France (Fig. 3a, b) . PCAs show that inertia are globally higher when assessing the spatial variability, with about 19% explained in France and 24% in Réunion. Although we were able to distinguish several metabotypes in these time series, no clear chemomarkers were identified to explain this variability. This divergence likely relies on several minor ions. The EC 50 values for A. taxiformis from France range from 13 ± 3 to 37 ± 5 µg mL − 1 (mean ± SE) revealing a high bioactivity all along the year (Fig. 4a) Table 2 ). In Réunion, macroalgal bioactivities show a higher variability than those recorded for temperate site (Kruskal-Wallis, K = 29, p < 0.001; Fig. 4b ). The lowest values (EC 50 = 204 ± 13 µg mL − 1 ) were recorded in January when the seawater temperature is the highest (monthly Table S4 for details according to sites) mean SST of 27.1 °C, Table S5 ), whereas the highest values (EC 50 = 14 ± 3 µg mL − 1 ) were recorded in July when the seawater temperature is lower (monthly mean SST of 23.5 °C). There is thus a negative correlation between the macroalgal bioactivity, the SST and the PAR variability (Rs = −0.729, R 2 = 0.53, p < 0.001 and Rs = −0.532, R 2 = 0.28, p < 0.001, for SST and PAR respectively).
Discussion
Applying LC-MS-based metabolomics to halogenated metabolites
The genus Asparagopsis is known to biosynthesize about one hundred of halogenated volatile organic compounds (Kladi et al. 2004) . Whereas the major metabolites are assumed to be low molecular weight brominated compounds (Paul et al. 2006a) , the metabolomic approach used in this study mostly detected non-halogenated metabolites. This might be explained by the volatility of these small compounds that are mainly detected using GC-MS analysis. Higher molecular weight metabolites with six carbons named mahorones were reported from this species (Greff et al. 2014) . Targeted search of the mahorones in collected gametophytes revealed the presence of 5-bromomahorone in almost all samples without any clear pattern of distribution between samples. The second mahorone was not detected maybe because of difficulties in the ionization process of these molecules as described by Greff et al. (2014) . In this study, brominated and iodinated metabolites, were only evidenced by the release of bromide and iodide in the negative mode. Electrospray ionization is strongly dependent of metabolite physical and chemical properties. In negative mode, the detection of halogenated metabolites are not favored as the electrons may be trapped by halogens, rendering halogenated metabolites unstable and undetectable to mass spectrometer (except for halide ions). A metabolomic approach using HRMS is thus suitable for the detection of easily ionizable metabolites present in the macroalgae, but there is a limitation when the major specialized metabolites are highly halogenated.
Relationship between metabotypes and bioactivities
Although, various metabotypes were clearly discriminated, the divergence is due to a high number of minor ions. In this study, phenotypes of temperate macroalgae, especially A. armata sampled in Spain and A. taxiformis sampled in Spain and Algeria, distinguish mostly by the presence of some metabolite features named MF1-MF8 not previously described for these species. Macroalgae sampled in temperate environments evidenced higher bioactivities than those sampled under tropical environments indicating that macroalgal investment in defense was greater under higher latitudes. So far, temperate A. taxiformis (France, Azores, Spain and Algeria) is mainly represented by the introduced lineage 2 (L2) (Andreakis et al. 2007; Dijoux et al. 2014) suggesting that this NIS can modify its investment in chemical traits. Both species, A. taxiformis and A. armata, sampled in South Spain showed closer phenotypes and bioactivities than A. taxiformis sampled at a larger geographic scale. This outcome suggests that macroalgal phenotypes are more driven by environmental factors, at least partly related to microbial communities, than to genetic factors. This phenotypic variability related to the exposome was already known at the morphological level, as a given genetic lineage or population can include various morphotypes (Dijoux 2014; Monro and Poore 2009) , and the morphotype variability could never be explained by genetics (Dijoux 2014) . Although MS metabolomics was applied with success to a rather good number of chemotaxonomy or chemosystematics works, this study did not allow to discriminate macroalgal lineages. The unusual ionization processes of the major and highly halogenated specialized metabolites produced by these species might be one of the main explanation, calling thus to use other technical approaches. Besides metabolomics, bioactivity assessment using the Microtox® assay appeared as a relevant complement to our MS approach in order to detect putative shift in macroalgal chemical diversity and its related bioactivity. In addition, the results of the Microtox® analyses, used as a proxy of the production of chemical defenses, are not in accordance with the Latitudinal Gradient Hypothesis (LGH) used on land where plants allocate more in defensive traits under lower latitudes. It also shows that environmental factors are driving-forces that can strongly influence the specialized metabolism and its related bioactivity or putative ecological function (Pelletreau and Targett 2008; Puglisi et al. 2014; Putz and Proksch 2010) . A higher herbivory pressure in tropical ecosystems than in temperate ones can rely on the species richness and biomass of tropical ecosystems (Brown 2014; González-Bergonzoni et al. 2012) , but also to a stronger resistance of herbivores to plant metabolites (Craft et al. 2013 ). Previous study conducted with A. armata demonstrated that an increase in toxicity towards bacteria was related to the amount of bioactive halogenated compounds (Paul et al. 2006a ). The halogenation process was also shown determinant for the deterrence of non-specialized herbivores (Paul (Paul et al. 2006b; Rogers et al. 2003; Vergés et al. 2008 ) and the abalone Haliotis rubra (Paul et al. 2006b; Shepherd and Steinberg 1992 in Paul 2006 ) are known to graze A. armata, and only the sea hare Aplysia fasciata was reported to feed on A. taxiformis (Altamirano et al. 2008) . Competition for space might also promote defensive traits as macroalgae can be abundant in temperate infralittoral zones (Mineur et al. 2015; Vermeij 1978) . For A. taxiformis in the Mediterranean Sea, the pressure of competition might be expected to be rather high in spring when productivity is the highest (Pinedo et al. 2015) , but our temporal survey showed rather similar bioactivities all along the year. If macroalgal-macroalgal interactions can induce defensive metabolites biosynthesis, it remains however difficult to explain why A. taxiformis maintains such a high level of defensive traits whereas these interactions are supposed to decrease. Competition is closely related to light availability. Under temperate latitudes, the photophilic community is generally more bioactive than the hemisciaphilic communities indicating that light plays a key role in bioactivity and the biosynthesis of defense related metabolites (Martí et al. 2004; Mtolera et al. 1996) . Paul (2006) demonstrated that the production of specialized metabolites was not costly for A. armata when the light is not limited, as biosynthesis was positively correlated to growth. Yet, light is scarcely limited except when competition with fleshy macroalgae reaches a maximum. Under tropics, high irradiance should lead to the synthesis of defense metabolites as revealed for the Rhodophyta Eucheuma denticulatum (Mtolera et al. 1996) , but excessive irradiance may also stress macroalgae leading to biosynthesis switch (Cronin and Hay 1996) .
Taking all these factors together, seasonal bioactivity variation can give some clues. Surprisingly, the highest variation of macroalgal bioactivities was displayed by A. taxiformis in tropical region (Réunion) while seasonality was quite weak with a lower temperature range (5 °C) and high irradiance all along the year. During austral winter (with SST of 23-24 °C), A. taxiformis from Réunion showed bioactivities equivalent to temperate zones whereas the lowest bioactivities were displayed in austral summer when the water temperature was higher (26-27 °C). Asparagopsis taxiformis thermal tolerance was tested up to 30 °C (Padilla-Gamino and Carpenter 2007). However, high temperatures coupled to high irradiance and low nutrient levels that characterize tropical environments (Vermeij 1978 ) may lead to metabolic alterations as suggested by Cronin and Hay (1996) . Thus, a way to explain the higher defensive traits in temperate environments is to consider that maintaining a high level of defensive trait may not be so costly as long as light and nutrients are available, and temperature physiologically adequate.
Relationship between macroalgal bioactivities and invasiveness
In temperate regions, A. taxiformis was reported to be recently introduced in many places. In Azores, A. taxiformis spread all around the islands until the last 90′ and it is now well established (Cardigos et al. 2006; Chainho et al. 2015; Micael et al. 2014 ). The last report on the worldwide distribution of A. taxiformis genetic lineages confirmed the presence of the introduced L2 in two Azorean Islands ). In the Western Mediterranean Sea, only the L2 has been recorded so far (Andreakis et al. 2004 (Andreakis et al. , 2007 (Andreakis et al. , 2009 Dijoux et al. 2014) , but an invasive trait is not recorded everywhere (Zenetos et al. 2012) . In Alboran Sea, where this species has spread quickly since the late XXth century, A. taxiformis can form monospecific stands in several places along the Iberian coasts (Altamirano et al. 2008 (Altamirano et al. , 2010 . In the same biogeographic region, a high cover of A. taxiformis was also recorded off the Algerian coast, while the macroalga is poorly distributed at Ceuta and the Strait of Gibraltar. Thus, for the widespread lineage 2 which is considered as invasive in some regions of the Mediterranean Sea and North Atlantic (Altamirano et al. 2008; Micael et al. 2014; Streftaris and Zenetos 2006) , we observed highly variable fate in the indigenous benthic community, proliferating in some places and rather discreet in others. This observation can be extended to different lineages present in other geographic context, which tends to indicate no link between macroalgal bioactivities, their metabotypes and their invasiveness. It is likely that other physiological traits, compared to indigenous sessile organisms, may explain its success in certain habitats, such as special efficiencies for up-taking nutrients, for spreading a specific life cycle stage, or for resisting to environmental stress thanks to the polyploid status of the thalli.
